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IMPROVED TOPICAL MINOXIDIL COMPOSITION 



Field of the Invention 
This Invention relates to improved topical compo- 
sitions containing minoxidil for use in regenerating 
hair growth. 



Minoxidil is the generic name for 2 ^ 4-diamino-6- 
piper id ino-pyr imidine-3-ox ide , a potent orally adminis- 
tered peripheral vasodilator that is used to control 
severe hypertension in patients who are resistant to 
conventional therapy. In recent years, articles in the 
literature have appeared reporting on observed hair 
regrowth in hypertensive patients receiving oral min- 
oxidil therapy. For example, see Zappacosta A.R,: 
"Reversal of baldness in patient receiving minoxidil 
for hypertension", N. Engl. J. Med. 1980; 303: 1480-81, 
which reports on the reversal of male-pattern alopecia 
(i.e., loss of hair on the head; baldness) in a patient 
receiving oral minoxidil therapy for hypertension. In 
1981, Weiss et al in J. Am- Acad. Dermatol. 1981; 5: 
224-26, reported preliminary observations in which 
patients treated with a 1% topical minoxidil solution 
demonstrated hair regrowth at sites of severe, treat- 
ment-resistant alopecia areata; and in 1984, Weiss et 
al in Arch. Dermatol. 1 984 ; 120: 457-4,63, reported on 
further testing of 1% minoxidil topical solutions on 
patients with alopecia areata with significant hair 
regrowth results. Such studies have drawn the atten- 
tion of dermatolcg ists . to minoxidil as an active 
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research candidate and potential therapeutic entity for 
hair regcowthand the treatment of alopecia areata. 
The instant invention provides an improved formulation 
foe such research and therapeutic purposes. 

Detailed Description of I nvention 
The instant invention relates to an improved hy- 
droalcoholic composition of minoxidil for topical hair 
regrowth applications stich as alopecia areata. In prior 
art studies (Weiss et al, ibid.), aqueous ethanolic 
solutions were utilized such as, for example, a 1% 
minoxidil solution in a vehicle containing aporoximate- 
\ ly 70% alcohol, 20% water and 10% propylene glycol. 
\ The minoxidil solution was applied by a glass rod 
' applicator at the site of hair loss. The high fluidity 
of such solutions, and of other similarly fluid scalp 
or hair-growth treatment products, however, presents 
the problem of seepage to unwanted areas where hair re- 
growth may be undesirable. Such problem is substan- 
tially eliminated upon use of the subject composition. 

in accordance with this invention, there is pro- 
vided an improved hydroalcoholic composition containing 
an effective hair regrowth amount of minoxidil. In 
general, the composition is a solution of from about 
0.5 to about 5.0 w/v percent, and preferably from about 
1 to about 3 w/v percent, of minoxidil in an aqueous 
ethanolic solvent comprising from about 20 to about SO' 
v/v percent of ethanol, preferably from about 40 to 
about 60 percent of ethanol,' and most preferably about 
50 percent ethanol, the improvement comprising the 
inclusion of from about 1 to about 10 w/v percent, and 
preferably from about 3 to about 5 percent, of hydroxy 
(lower al).yl) acrylate polymer or hydroxy (lower alKyl) 
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methacrylace polymer or mixtures thereof. The addition 
of ap to about 10% w/v percent of propylene glycol is 
opt ional . 

Said homopoiymers are linear without substantial 
cross-linking (i.e., the cross-linking should not be 
sufficient to render the polymer insoluble in the hy- 
droalcoholic solvent). The ter.-n "lower alkyl" denotes 
2 or 3 carbons. Typical such polymers include, for 
example, those obtained by the polymerization of such 
hydrophilic monomers as 2-hydroxyethyl acrylate, 2-hy- 
droxyethyl methacrylate (preferred), 2-hydroxypropy 1 
acrylate, 3-hydroxypropyl methacrylate and the like. 

The hydroxy (lower alkyl) acrylate and methacryl- 
late polymers utilized herein and their methods of 
15 preparation are well known and the polymersi are readily 

available commercially. Their usage in cosmetic pre- 
parations is also well known, for example, see Canadian 
Patent No. 945,474 and British Patent No, 1,261,433. 

The subject linear homopoiymers of hydroxy (lower 
alkyl) acrylate and hydroxy (lower alkyl) methacrylate 
are advantageously used as globular particles with 
average diameter of 0 . 1 to 2 millimeters. Preferably, 
the diameter is about 20-100 microns and even less than 
10 microns, the latter size being suitably provided by 
25 following the methodology, as applied to the aforemen- 

tioned monomeric polymerization, described in U.S. 
Patent No, 3,583,957 for the copo 1 ymer i za t ion oc ole- 
fins to produce globular particles having a diameter of 
less than ten microns. 

The preferred hydroxyethyl methacrylate polymers 
are embraced by the formula: 
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(I) 



wherein n is the number of recurring monomeric units 
ranging from about 70 to about 400. Such hydrophilic 
homopolymers are soluble in alcohol and water-alcohol 
mixtures. A particularly preferred commercial polymer 
product of Formula (I) is* available as a white powder 
from National Patent Development Corp., New Brunswick, 
N.J. under its trademark "Hydron-N" * 

Although aqueous ethanolic solutions are pre- 
ferred, aqueous solutions of isopropanol may also be 
beneficially employed as solvents herein. 

As noted previously, one of the potential problems 
associated with the application of a scalp or hair 
growth treatment product is the seepage, or drippage, 
of the product to unwanted areas, that is, other than 
the treatment site. This may result in the regrowth or 
stimulated growth of hair in such other areas as, for 
example, eyelashes, eyebrows and terminal facial hair, 
due to the undesirable action of the particular hair 
regrowth active ingredient at such sites. 

It has now been found that the incorporation of 
hydroxy (lower alkyl) acrylate polymer, hydroxy (lower 
alkyl) methacrylate polymer or mixtures thereof, pre- 
ferably hydroxyethylmethacrylate polymer of Formula 
(I), into topical hydroalcohol ic compositions contain- 
ing an effective hair growing amount of minoxidil 
effectively retards the seepage of the product beyond 
the application site and consequently localizes the 
activity of said minoxidil to the treatment area. In 



addition, such compositions are effective in providing 
skin penetration of minoxidil at the treated site. 

The improved composition of this invention, there- 
fore, provides the dermatologist and the ultimate user 
with a unique composition which is highly effective in 
confining and localizing the composition to the treat- 
ment area without excessiY© seepage and in delivering 
the active hair regrowth ingredient, minoxidil, for 
effective skin penetration. . The subject compositions 
are stable and readily prepared in accordance with 
general formulating methodology within the skill of the 
art . 

The following examples are presented to illustrate 
but not to limit the subject invention. 

Example 1 

This example demonstrates the effectiveness of the 
hydroxyethylmethacrylate polymer of Formula ( I) in 
retarding seepage when incorporated into a hydroalco- 
holic vehicle. An in-vitro assay is utilized which 
measures the distance traveled by a 10 p.1 drop of the 
test formulation down a glass plate inclined at 45* C for 
10 seconds. The test formulation is colored with dye 
to enhance the visual movement of the product. Pure 
ethanol (Ethanol, U.S.P) is used as the standard 
against which the test formulation is compared. In 
addition to this Formula (I) polymer, formulations of 
other polymers and gums with similar viscosities 
(measured on a Brookfield LVT Viscometer) are also 
tested for comparative purposes. The solvent system 
for each test formulation is 50:50 EtOH:HOH. 
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The sodium cacboxymethy Icellulose ( Na-CMC) util- 
ised was cellulose gum No. 12M31, commercially avail- 
able from Hercules Inc., Wilmington, Delaware. Xanthan 
gum, a high molecular weight natural polysaccharide, 
was obtained from Kelco, a division of Merck & Co., 
Inc., Rahway, N.J, The term "Carbomer" is the official 
designation used in the CFTA Cosmetic Ingredient Dic- 
tionary foe the acrylic ^cid - polymer ic resins commer- 
cially available under the trademark "Carbopoi" of B.F, 
Goodrich, Cleveland, Ohio. Carbomer 940 has an 
approximate molecular weight of 4,000,000. The par- 
ticular hydroxyethylmethacrylate polymer utilized 
herein is the previously identified commercial product, 
"Hydron-N". 

The ratio of the distance traveled ("dripping dis- 
tance") by the particular test formulation to that of 
the ethanol standard provides the "dripping index" 
number for the test formulation. 
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Table I 



Relative Driooma Distance of 


var ious 


Formu 


1^ 


at ions 


viscosi t V 
Treatment (Cenciooise) 


Dripping 
Distance (mm) 




Dr ipping 
X nd e x 


100% Ethanol 


60 






1.00 


50:50 EtOH:HOH 2,7 


49 






0.82 


0,2% Sodium carboxy- 

methylceliuiose* 8.4 

• 


47 






0.78 


0.02% Xanthan gum 9.0 


42 






0.70 


0.2% Carbomer 940 

resin* 8.6 


36 






0.60 


3% Hydroxyethylmeth- 

acrylate polymer 8.9 


34 






0-57 


0.2% Sodium carboxy- 

methylceliuiose* 14 


36 






0.60 


0.05% Xanthan gum 15 


34 






0.57 


0.02% Carbomer 940 

resin* 15 


30 






0.50 


5% Hydroxyethylmeth- 

acrylate polymer 14 


27 






0.45 


•Viscosity adjustea oy varying pH 


oc solution 






The indicated data in Table 


I * shows 


that 


hydroxy- 


ethylmethacrylate polymer, of the 


agents 


tested 


in 


50:50 aqueous ethanolic solutions 


of comparabl 


e 


viscos- 


ity, is most effective in control 


ling dripping 




( i.e. , 


seepage). The 3% solution (dripping index = 0 




57) and 


the 5% solution (dripping index = 


d.. 45) affords 


an 


effective retardation of seepage 


of about 


30% 


and 45%, 


respectively, over that obtained 


by the 50:50 


E 


tOH ;HOH 



control (dripping index = 0.82). 
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Example 2 

This example demonstrates the druc release charac- 
teristics of the subject polymers by use of an in vitro 
artificial membrane system whose permeability appears 
to correlate with that of human skin, thereby reducing 
the need for excised human skin as a screening device 
(Dermatology Times, Vol. 7, July 1983). To a 

hydroalcoholic (50:50 EtOH:HOH) solution containing 
0.5% w/v minoxidil is added 1% w/v polymer (Hydcon-N) . 
10 ' Similar solutions of other thickening agents indicated 

i in Table II are also used for comparative purposes. In 
this study, a membrane diffusion cell set-up is util- 
ized to measure drug release characteristics of the 
test formulations. The membrane used is an artificial 
15 membrane system composed of an approximately 700 

microil/titik': l^lel^h^U membrane wherein the inner 
layer consists of siliconized rubber, i.e., a dimethyl 
polysiloxane membrane, and the two outer layers are 
each a membrane made of cellulose acetate annealed by 
20 heating to 60° C. The dimethyl polysiloxane membrane, 

sandwiched between the two cellulose acetate membranes, 

is Silastic® Medical Grade dimethyl polysil-oxane non- 

(0.127 mm i.e. . ^ 

reinforced sheeting/ 0.005 inch thick) supplied by Dow- 
Corning Corp., Medical Products Division, Midland, MI. 
The cellulose acetate membranes are supplied by V.O.P. 
inc.. Fluid systems Division, San Oiego,_^ CA, with the 
following specification: 0.0086 inch /in wet thickness 
and with annealing temperature of eO'C. The membrane 
system, 2 inchel/ln STimeter. is mounted between two 
cell compartments of a diffusion cell apparatus (see 
figures in Dermatology Times, supra). This* apparatus 
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is composed of two compartments: the lower chamber 
.ade of thermoplastic poly(methyl metnacry late , ?oL-/^er 
(Plexiglas*. Rohm s Haas Co., Philadelphia, Pean.) and 
the too made of tecraf luoroethylene polymer resin 
(Teflon*, Du Ponc. Wilmington, Del.). The membrane 
system is mounted with one side exposed to the air and 
the other side constantly bathed by filling the recep- 
tor compartment with jJhosphate buffer solution of pH 
7.2. This diffusion set-up provides an effective 
diffusionai area of 8.03 cm2. Adequate mixing of the 
receptor solution is accomplished by stirring with a 
magnetic bar at constant speed (120 rpm). The whole 
diffusion cell assembly is immersed in a water bath 
maintained at 30-C by a thermostatic pump. 0.5 Milli- 
liter of the test product is accurately measured and 
applied to the membrane surface which is exposed to the 
air. The drug is then diffused through the membrane 
system into the receptor buffer and the rate of drug 
diffusion is dependent on the effectiveness of the 
vehicle to release the drug for penetration. At 
selected time intervals (hourly) after product applica- 
tion, an aliquot of the receptor buffer solution is 
withdrawn and analyzed by UV spectrophotometer (Varian 
model 2 10 UV-Visible spectrophotometer) for drug con- 
tent. Table ri summarises the cumulative transfer of 
minoxidil from each of t.e indicated systems over a 
period of five hours. Results are expressed as the 
rate of minoxidil trans fer red . through the membrane 
system (rate - micrograms per cm^ pec hour) as defined 
by the amount of minoxidil (micrograms) transferred 
through the membrane area (cm^) over a defined period 
of time (hours) . 
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Table II 

Release of Minoxicil from Various £vs::em5 

CUMULATIVE TRANSFER (micrograms) 



Time 
(Hours) 

1 

2 
3 
4 
5 



Hydroxyethyl 
Methacrylate 

18 1 
327 
442 
509 
547 



Sodium Car- 
boxy mechyl- 
cellulose 

127 
225 
305 
3^0 
384 



Xanthan 
Gum 

130 
225 
300 
335 
370 



Carbomer 
94 0 Re s i n 

32 

87 
148 
215 
286 



Race or Drug Transrer 

(micrograms/ cm^/hour) : 

15.20 10.72 10,00 8,67 



15 ^ The results shown in Table II indicate that the 

hydroxyethylmethacrylate polymer affords the most 
effective delivery of minoxidil with a rate of drug 
transfer of 15.20 micrograms per cm^ per hour, as com- 
pared to 10.72 for sodium CMC, 10.00 for xanthan gum 

20 and 8,67 for Carbopol 940. Thus, the hydroxyethyl 

methacrylate polymer exhibited a 42 to 75 percent high- 
er drug delivery rate than the other systems tested. 

In view of the foregoing Examples 1 and 2, hy- 
droxyethylmethacrylate polymer is deemed to be highly 

25 effective in both confining the minoxidil formulation 

to the treatment area without excessive seepage and in 
delivering said minoxidil for better penetration at the 
treatment site. Similarly advantageous results are 
obtained with hydroxyethyl aery 1 ate polymer. 
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Example 3 

The following aqueous alcoholic formulations of 
minoxidil are prepared by admixture of the indicated 
percentages of ingredients. 

Table III 

Formulation : A a C D E 

Minoxidil (% w/v) ... , . 0-5 5.0 1.0 3.0 2.0 

Hydroxyethyl methacry- 
late polymer (% w/v) . . i.o 5.0 10.0 

Hydroxyethyl acrylate 
polymer (% w/v) ^.0 5.0 

Propylene glycol (% w/v) 10.0 5,0 

100.0 



20:80 HOH:EtOH a.s 

80:20 HOH:EtOH q.s 

15 40:60 HOH:EtCH a.s 

60:40 HOH :EtOH o.s 

50:50 HOH :iPrOH q.s 



100.0 



100.0 



100.0 



100.0 



Each of the foregoing formulations may be applied 
at the site of hair loss to patients afflicted with 
alopecia areata to provide effective delivery of 
minoxidil at the treatment side without substantial 
seepage , 



- 1 1- 



U188793 

CLAIMS 

1. Hydroalcohol ic composition ccn- 

2 taining an effective hair regrowing amount of minoxidil 

3 in an aqueoas ethanolic or i sopropanol ic solvent, 

4 characterized by the inclusion of from about 1 to 

5 about 10 percent of hydroxy (lower alkyi) acrylate 

6 polymer, hydroxy (lower alicyj) methacrylate polymer or 

7 mixtures thereof. 

^ 2. The composition of Claim 1 which 

2 contains from about 0.5 to about 5.0 percent of minoxi- 

3 dil in an aqueous ethanolic solvent comprising from 

4 about 20 to about 30 percent of ethanol. 

^ 3^ Hydroalcohoiic composition of 

2 claim 1, characterized by the inclusion of from about 

3 1 to about 10 percent of hydroxye thy Imethacry late homo- 

4 polymer. 

^ 4^ Hydroalcohoiic composition con- 

2 taining from about 0.5 to about 5.0 percent of minoxi- 

3 dil in an aqueous ethanolic solvent comprising from 

4 about 20 to about 80 percent of ethanol, charac- 

5 terized by the inclusion of from about 1 to about 

6 10 percent of hydroxye thy Ime thacry l,ate homopolymer 

7 having the formula: 

8 ?H3 

9 -<H2— I 

, 0 COCD CH 2CH 2OH 
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wherein a is the numter of recurring x.or.omeric units 
ranging from about 70 to about 400. 



5. The composition of Claim 4 wherein 

the amount of the minoxidil is from about l to about 3 
percent and the ethanol is from about 40 to about 60 
percent . 

6- The composition of Claim 4 wherein 

the amount of the minoxidil is from about 1 to about 3 
percent and the ethanol is about 50 percent. 



7. The composition of Claim 4 wherein 

the amount of hydroxyethylmethacrylate homopolymer is 
from about 3 to about 5 percent. 



8. Hycroalcohol ic composition 

containing from about 0.5 to about 5,0 percent of 
minoxidil in an aqueous ethanol ic solvent comprising 
from about 40 to about 60 percent of ethanol, 
characterized by the inclusion of from about 3 to 

about 5 percent of hydroxyethylmethacrylate homopolymer 
having the formula: 

?«3 



_0C CH 2CH 20H 

wherein n is from about 70 to about 400. 



9 . Use 
claims 1 to 8 for the 
growth compositions. 



of the compositions of 
preparation of topical 



any of 



hair re- 
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